Abstract Cognition has already been considered as a component of frailty, and it has been demonstrated that it is associated with adverse health outcomes. We estimated the prevalence of frailty syndrome in an Italian older population and its predictive role on allcause mortality and disability in nondemented subjects and in demented patients. We evaluated 2,581 individuals recruited from the Italian Longitudinal Study on Aging, a population-based sample of 5,632 subjects, aged 65-84 years old. Participants received identical baseline evaluation at the 1st survey (1992)(1993) and were followed at 2nd (1995)(1996) and 3rd survey (2000)(2001). A phenotype of frailty according to partially modified measurement of Cardiovascular Health Study criteria was operationalized. The overall prevalence of frailty syndrome in this populationbased study was 7.6% (95% confidence interval (CI) 6.55-8.57). Frail individuals noncomorbid or nondisable were 9.1% and 39.3%, respectively, confirming an overlap but not concordance in the cooccurrence among these conditions. Frailty was associated with a significantly increased risk of allcause mortality over a 3-year follow-up (hazard ratio (HR) 1.98, 95% confidence interval (CI) 1.52-2.60) and over a 7-year follow-up (HR 1.74, 95% CI 1.44-2.16), but with significant increased risk of disability only over a 3-year follow-up (HR 1.32, 95% CI 1.06-1.86 over a 3-year follow-up and HR 1.16, 95% CI 0.88-1.56 over a 7-year follow-up). Frail demented patients were at higher risk of all-cause mortality over 3-(HR 3.33, 95% CI 1.28-8.29) and 7-year follow-up periods (HR 1.89, 95% CI 1.10-3.44), but not of disability. Frailty syndrome was a short-term predictor of disability in nondemented older subjects and short-and long-term predictor of all-cause mortality in nondemented and demented patients.
Introduction
Frailty has emerged as an increasingly important concept in both clinical care of older persons and research in aging and as a clinical syndrome generally associated with a greater risk for adverse outcomes such as falls, disability, institutionalization, and death (Fried et al. 2001; Rockwood et al. 2004 ). The Cardiovascular Health Study (CHS) index developed by Fried et al. (2001) is an operational definition of frailty in older subjects based on the presence of any three of the following five characteristics: shrinking, weakness, poor endurance, slowness, and low physical activity. While other population-based studies confirmed original findings from the CHS of the overlaps and dissociations among frailty, disability, and comorbidity, there were important differences in the reported prevalence estimates (from 6.9% to 20.0%; Fried et al. 2001; Woods et al. 2005; Ottenbacher et al. 2005; Bandeen-Roche et al. 2006; Cesari et al. 2006; Gill et al. 2006; Hirsch et al. 2006; Avila-Funes et al. 2008; Santos-Eggimann et al. 2009; Wong et al. 2010) .
Although the CHS index remains the most widely used, inclusion of other common age-related conditions has been a topic of considerable debate (Panza et al. 2011) . Furthermore, several studies have reported that physical frailty is associated with low cognitive performance (Gill et al. 1996; Strawbridge et al. 1998 , Avila-Funes et al. 2009 ), incidence of Alzheimer's disease (AD; Buchman et al. 2007) , and mild cognitive impairment (Boyle et al. 2010) and AD pathology in older persons with and without dementia (Buchman et al. 2008 ). At present, there is no population-based study in which frailty syndrome has been investigated as possible determinant of short-and long-term all-cause mortality in demented patients. In the present study, we estimated the prevalence of frailty syndrome in a large Italian older population and its predictive role on all-cause mortality and disability in nondemented subjects and demented patients.
Methods
Setting The methods of the Italian Longitudinal Study on Aging (ILSA) and the 1st, 2nd, and 3rd survey data collection have been described in detail elsewhere (Solfrizzi et al. 2004 (Solfrizzi et al. , 2006 . A sample of 5,632 subjects aged 65-84 years, free-living or institutionalized, was randomly selected from the electoral rolls of eight Italian municipalities after stratification for age and gender. Following the equal allocation strategy, in each study center, four age classes (65 to 69, 70 to 74, 75 to 79, and 80 to 84 years old) of 88 subjects for each gender were drawn up. The data of the present report have been obtained during the first prevalence survey study between March 1992 and June 1993 (prevalence day: March 1, 1992 , the 2nd prevalence survey study between September 1995 and October 1996 (prevalence day: September 1, 1995 , and the 3rd prevalence survey between March 2000 and September 2001 (prevalence day: March 1 2000). The study project was approved by the Institutional Review Board of the eight municipalities. Voluntary informed consent was obtained from each subject and/or their relatives before enrollment.
Clinical examination and laboratory analyses Cases of coronary artery disease (myocardial infarction or angina pectoris), type 2 diabetes mellitus, hypertension, stroke, and peripheral artery disease were identified with a two-phase procedure, utilizing clinical criteria described in detail elsewhere (Solfrizzi et al. 2004 ; The Italian Longitudinal Study on Aging Working Group 1997). Each participant was administered a screening questionnaire, a series of brief screening tests to identify suspect cases of the above listed diseases for further investigation, and a clinical evaluation (phase 1). Suspected cases were clinically confirmed with a standardized clinical examination by a certified neurologist or geriatrician (phase 2). In particular, the main screening criteria for cognitive impairment or dementia were the Mini Mental State examination (MMSE) with a cutoff score of 23 (Folstein et al. 1975) , or a previous diagnosis reported by the respondent proxy. The diagnosis was based on the Diagnostic and Statistical Manual of Mental Disorders, 3rd edition revised criteria for dementia syndrome (American Psychiatric Association 1987), the National Institute of Neurological and Communicative Disorders and StrokeAlzheimer's Disease and Related Disorders Association criteria for possible and probable AD (McKhann et al. 1984) , and the International Statistical Classification of Diseases and Related Health Problems, 10th revision criteria for vascular dementia (VaD), and other dementing diseases (World Health Organization 1992) .
Body mass index was calculated as weight/square height (kilograms per square meter). Based on selfreports, smoking habits were categorized as "ever" or "never." Furthermore, smoking habits were assessed by asking the study participants the amount of cigarettes smoked and the ages when they started and stopped smoking. Using these data, we obtained the variable "pack-years" (years smoked×usual number of cigarettes smoked/20 cigarettes per pack). Depressive symptoms were investigated using the Italian version of the Geriatric Depression Scale (GDS)-30 items (Yesavage et al. 1982 (Yesavage et al. -1983 . Functional status was assessed with the Activities of Daily Living (ADL) scale, which determines the level of independence in six activities: bathing, dressing, toileting, transferring from bed to chair, continence, and feeding (Katz and Akpom 1976) . Ability in home management (using the telephone, shopping for personal items, preparing meals, doing light housework, managing money or drugs, and so forth) was assessed by the Instrumental Activities of Daily Living (IADL) scale (Lawton and Brody 1969) .
The physical activity practice was assessed by the administration of a structured questionnaire specifically developed for the InChianti Study and also proposed for the ILSA, ascertaining retrospectively physical activities, plus frequency and duration (Benvenuti et al. 2000) . Levels of physical activity in the year before the interview were coded into an ordinal scale as follows: 1, hardly any physical activity; 2, mostly sitting (occasional walks, easy gardening); 3, light exercise (no sweating) 2-4 h/week; 4, moderate exercise (sweat) 1-2 h/week; 5, moderate exercise >3 h/week; 6, intense exercise (at the limits) >3 times/week. According to this classification, we grouped the participants as follows: 1-3, inactive or light physical activity; 4-5, moderate physical activity; and 6, intense physical activity (Benvenuti et al. 2000) . Physical function was also ascertained prospectively also with ADL and IADL tasks, as well as the GDS item: "Do you practice physical activity?" (Yesavage et al. 1982 (Yesavage et al. -1983 . Motor performance was assessed using the six tests of a battery designed to measure motor ability in older people (standing up from a chair, stepping up, tandem walk, standing on one leg, walking speed, and steps turning 180°; Inzitari et al. 2006 ). The Charlson comorbidity index (CCI), a weighted index that takes into account the number and the seriousness of comorbid disease, was calculated (Charlson et al. 1987) . Data on vital status were gathered directly from study participants or proxy responders. Death certificates were collected for those who died. The date and cause of death for all participants who died were obtained from death certificates and other official sources, and trained physicians coded the cause of death according to the International Classification of Disease, 9th Revision. Blood samples were obtained early in the morning after a 13-h overnight fast. Serum albumin was measured by electrophoresis, as detailed elsewhere (Maggi et al. 2001 ).
Operationalization of the frailty syndrome A phenotype of frailty was operationalized slightly modifying the CHS criteria (Fried et al. 2001) and was identified by the presence of three or more frailty components, as shown in Table 1 . For the second component ("exhaustion"), we included only the demented patients with a MMSE score ≥15 because the use of the GDS has been validated within this MMSE score limit (Table 1 ; Mcgivney et al. 1996) . We excluded at baseline both for the outcome all-cause mortality and the outcome disability older subjects with severe sensorial deficit, bedridden or in wheelchairs, dizziness, severe osteoarthritis, a history of Parkinson's disease, stroke, dementia, or MMSE score <15, as these conditions could potentially constitute frailty components as a consequence of a single disease (Fig. 1 ).
Statistical analysis The prevalence estimates of frailty syndrome were based on baseline data collected in the 1st ILSA survey. A poststratification adjustment by age and gender was used to make the sample consistent with the population represented. Prevalence punctual estimates (and 95% confidence interval (CI)) were evaluated according to the procedures of complex surveys supported by SAS package (SURVEYMEANS procedure) on the basis of the characteristics of the ILSA sampling. Trends in binomial proportions of frailty syndrome across levels of age, disability, and by gender were evaluated by Cochrane-Mantel-Haenszel test. Cox proportional hazard models were used to assess the independent contribution of baseline frailty syndrome to incidence of all-cause mortality and disability (worsening in ADL score ≥1) over 3-year (median duration of follow-up was 3.4 years) and over 7-year follow-ups (median duration of follow-up was 7.6 years). Indicators for being frail (three or more frailty criteria) were established with the at-risk or nonfrail group (less than three frailty criteria) serving as the reference group. Partially adjusted hazard models (adjustment for 65-69, 70-74, 75-79, and 80-84 age categories and gender) were estimated for each outcome. Fully adjusted hazard models were also fit; using baseline covariates could be predictive of mortality and disability in this cohort: age categories (coded 1 for 65-69, coded 2 for 70-74, coded 3 for 75-79, and coded 4 for 80-84), gender (coded 0 for women and 1 for men), education, pack-years (coded 0 for pack-years cigarettes=0 (never smoking), and 1 for pack-years cigarettes ≥0.5), IADL score, MMSE, CCI, and serum albumin levels. The same procedure was repeated in the demented participants followed up over 3 years (median duration of follow-up was 3.4 years both disability and all-cause mortality) and over 5 years (median duration of follow-up was 5.1 years both disability and all-cause mortality). Fully adjusted hazard models were also fit, using baseline covariates as in the previous paragraph excluding MMSE and IADL scores involved in the diagnosis of dementia. To check the proportional hazard assumption over time, we included each (Benvenuti et al. 2000) covariate by time as a predictor variable in the statistical models. Finally, we defined the time to event of interest beginning at the time the subject entered the study. Analyses were performed using SAS statistical software (SAS Institute, 2004) . The statistical significance threshold was set at 0.05.
Results
Sociodemographic and clinical characteristics of individuals with frailty and without frailty syndrome are shown in Table 2 . Figure 1 shows sample size and attrition of the present study, with frailty syndrome diagnosed according to the CHS criteria in 252 of 2,851 (7.6%) individuals. Differences in age (73.1±5.6 vs 75.3±5.7, p<0.01 evaluated by separate variance t test) and gender (Pearson χ 2 =43.9, p<0.01) were observed between participants and nonparticipants (2,581 participants-1,414 (54.8%) men and 1,167 women (45.2%); 3,051 nonparticipants-1,401 (45.9%) men and 1,650 (54.1%) women). Some frailty components (weakness, slowness, and low activity) were not measured according to the CHS instruments of evaluation, but they were slightly modified with similar measurements used in the ILSA (Table 1) . Individuals who were frail, were older, more likely to be women, had less education, and higher rates of comorbid chronic diseases and disability than those who were nonfrail (p<0.001 for each comparison; Table 2 ). Both lower cognition and greater depressive symptoms were associated with frailty. Frail demented subjects were 17.8%, frail individuals without disability were 39.3%, and without comorbidity were 9.1%.
Frailty syndrome prevalence estimates The prevalence rate of frailty syndrome in this study population was 7.56% (95% CI 6.55-8.57 moved, and 52 were unreachable), and 782 events of death in overall occurred. In frail individuals identified at baseline, mortality was about two times higher than that for the nonfrail over a 3-year follow-up (HR 1.98, 95% CI 1.52-2.60), while over a 7-year followup, it was about 1.7 times higher than that for the not frail (HR 1.74, 95% CI 1.44-2.16, fully adjusted model; Table 4 ). During the first follow-up period, 379 new events of disability occurred, while at the second follow-up 546 events of disability in overall occurred. Moreover, in those who met the criteria for frailty at baseline, occurring disability was significantly increased only over a 3-year follow-up (HR 1.32, 95% CI 1.06-1.86 over a 3-year follow-up fully adjusted model), but not over a 7-year follow-up (HR 1.16, 95% CI 0.88-1.56 fully adjusted model; Table 4 ).
Frailty syndrome, all-cause mortality, and disability in demented subjects Seventy-five demented patients who performed a MMSE score over 15 to make plausible GDS scores were able to undergo the assessment of frailty criteria. Thirty-eight (50.7%) were affected by AD, 16 (21.3%) by VaD, and 21 (28%) by other dementias. Fifty-two percent demented subjects were frail (47.4% AD, 28.9% VaD, and 23.7% other dementias). During the first follow-up period, 258 person-years were accrued, and 43 death occurred while at second follow-up period, 246 person-years were accrued and 55 events of death in overall occurred. Demented patients frail at baseline had a higher risk of all-cause mortality about three times than that for the nonfrail over a 3-year follow-up (HR 3.33, 95% CI 1.28-8.29, fully adjusted model). On the other hand, demented patients frail at baseline had a higher risk of allcause mortality about two times than that for the nonfrail over a 7-year follow-up (HR 1.89, 95% CI 1.10-3.44, fully adjusted model; Table 4 ). During the first follow-up period, 19 new events of disability occurred, while at the second follow-up, 21 events of disability in overall occurred. Moreover, in those who met the criteria for frailty at baseline, occurring disability was not significantly increased over a 3-year follow-up (HR 1.84, 95% CI 0.54-6.31, fully adjusted model) and over a 7-year followup (HR 1.28, 95% CI 0.41-3.43, fully adjusted model; Table 4 ). 
Discussion
In the present study, we found a prevalence rate of 7.6% (95% CI 6.55-8.57) for frailty syndrome in a community-defined cohort of 65-84-year-old subjects. In the nondemented sample, after adjustment for possible confounders at baseline, frailty syndrome remained an independent risk factor of all-cause mortality in short-and long-term periods and significantly associated with an increased risk of disability only in short-term period. Frail individuals noncomorbid or nondisable were 9.1% and 39.3%, confirming an overlap but not concordance in the co-occurrence among these conditions. Furthermore, frail demented patients were at higher risk of all-cause mortality but not of disability in short-and log-term periods.
In the ILSA sample, the prevalence of frailty syndrome, defined according the CHS criteria (Fried et al. 2001) , was comparable to the overall prevalence of frailty reported in the CHS sample, which included people aged 65 years and over (6.9%; 95% CI 6.22-7.58), but the subsample of CHS participants aged 75 and over had a slightly higher prevalence of 13% (95% CI 11.5-14.7; Fried et al. 2001 ). However, frailty syndrome was associated with a higher risk of disability in the CHS over 3 and 7-year follow-ups (Fried et al. 2001) , while in the ILSA, this risk was significant only over a 3-year follow-up. Furthermore, differences between the CHS and the ILSA populations in age range (involvement of 85+-year-old individuals in the CHS), gender distribution (45.2% of women in the ILSA vs. 57.9% in the CHS, with female gender that is more likely frail), and disability at baseline (ADL ≥1 in frail groups was 27.5% for the CHS and 60.7% for the ILSA) could be partly explain this different impact of frailty syndrome on disability. The prevalence estimate of frailty syndrome The Italian Longitudinal Study on Aging, 2nd survey, 1995 Aging, 2nd survey, -1996 Aging, 2nd survey, and 3rd survey, 2000 Aging, 2nd survey, -2001 ADL Activities of Daily Living, HR hazard ratios, CI confidence interval, IADL Instrumental Activities of Daily Living a HRs were adjusted for age, sex (coded 0 for women and 1 for men), and failure type as covariate in partially adjusted models b HRs were adjusted for age categories (coded 1 for 65-69, coded 2 for 70-74, coded 3 for 75-79, and coded 4 for 80-84), gender (coded 0 for women and 1 for men), education, pack-years {pack-years cigarettes [coded 0 for pack-years cigarettes = 0 (never smoking) and 1 for pack-years cigarettes ≥0.5]}, Instrumental Activities of Daily Living score, Mini Mental State Examination score, Charlson comorbidity index, serum albumin levels, in fully adjusted models for the nondemented population; MMSE and IADL scores were excluded from the models for the demented population in the ILSA was also similar to that of another Italian population-based study, the Invecchiare in Chianti Study (8.8%; Cesari et al. 2006) . However, several other population-based studies have applied the same definition of frailty syndrome of the CHS and the ILSA with very different prevalence estimates that varied from 6.9% to 20.0% (Fried et al. 2001; Woods et al. 2005; Ottenbacher et al. 2005; Bandeen-Roche et al. 2006; Gill et al. 2006; Hirsch et al. 2006; AvilaFunes et al. 2008; Wong et al. 2010) . In these population-based studies, differences in the tools used in estimating the different components of the frailty syndrome, different races, and different age and gender distribution of the samples could be the source of this great variability.
To the best of our knowledge, the present was the first study in which frailty syndrome appeared to be a determinant of short-and long-term all-cause mortality in demented subjects. However, some of the frailty components have been associated with survival in demented subjects. In fact, long-term survivors among demented subjects had delayed emergence of motor symptoms (Hu et al. 2009 ), while unintentional weight loss was predictive of decreased survival in dementia (Aziz et al. 2008) . Physical activity can reduce the risk of cognitive decline and dementia (Fratiglioni and Wang 2007) , but clinical trial evidence for the effectiveness of physical activity programs in managing or improving cognition, function, behavior, depression, and mortality in people with dementia is still insufficient overall (Forbes et al. 2008) . Furthermore, very recent findings from the Three-City Study suggested that cognitive impairment improved the predictive validity of the operational definition of frailty, increasing the risk to develop disability. On the contrary, risk of death also tended to be higher in cognitively impaired frail participants than in their nonfrail counterparts without cognitive impairment, even if the results were not statistically significant (Avila-Funes et al. 2009 ).
Previous epidemiological studies suggested that age, male sex, sociodemographic characteristics, the severity of dementia, other comorbid conditions, disability, and genetic characteristics may be significant predictors of mortality in the elderly population with dementia (Larson et al. 2004; Xie et al. 2008) . In a previous report, we demonstrated that the Multidimensional Prognostic Index, derived from a standardized comprehensive geriatric assessment, was effective in predicting short-and long-term mortality risk in elderly subjects with dementia admitted to a geriatric hospital ward (Pilotto et al. 2009 ). Overall taken together, these findings supported the concept that considering multidimensional aggregate information and frailty syndrome could be very important for predicting short-and long-term all-cause mortality in older subjects with dementia and that it may be important for the identification of the more adequate management of patients.
The strengths of the present study were its prospective design, the lengths of the follow-up, the population-based setting, and its large number of subjects, although the number of dementia cases considered for all-cause mortality was relatively small (in overall 75 demented subjects). Nonetheless, some limitations in this study have to be considered. The HRs for all-cause mortality and disability were likely underestimated, as they did not include those who were not valuable for frailty at follow-up due to missing data or, for disability only, did not include loss due to mortality. Furthermore, excluding subjects with MMSE <15 to increase reliability of GDS responses would have led to underestimates of allcause mortality. However, excluding "exhaustion" from the definition of frailty, the sample of frail demented subjects was reduced of only six individuals, and the results on increased all-cause mortality in this subsample did not change (data not showed). The results of the study were based on a retrospective assessment of frailty because this was not initially part of the study design. Physical activity was partially prospectively and partially retrospectively evaluated, and the agreement was relatively low. Notwithstanding these limitations, this study gave prevalence estimates in line with other population-based studies on older population. This was one of the priorities assigned to the CHS criteria for the phenotype of frailty when it was developed (Fried et al. 2001) . Regardless of the tool used, frailty is a common syndrome, even though demented subjects who were the most frail might have been excluded from the denominator of population at risk (demented who performed MMSE <15). Although these promising findings, further investigations are needed in larger samples of elderly subjects with longer follow-up to determine the role of frailty syndrome in survival in demented subjects also in relation to other environmental and genetic factors.
